WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H04Q 7738 



Al 



(11) International Publication Number: WO 99/45733 

(43) International Publication Date: 10 September 1999 (10.09.99) 



(21) International Application Number: PCT/FI99/00168 

(22) International Filing Date: 4 March 1999 (04.03.99) 



(30) Priority Data: 

980517 



6 March 1998 (06.03.98) 



FI 



(71) Applicant (for all designated States except US): NOKIA 

TELECOMMUNICATIONS OY [FI/FI]; Keilalahdentie 4, 
FIN-02150 Espoo (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HALONEN, Timo [FI/FI]; 
Oikokatu 8 B 11, FIN-00170 Helsinki (FI). 

(74) Agent: KOLSTER OY AB; Iso Roobertinkatu 23, P.O. Box 
148, FIN-00121 Helsinki (FI). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Finnish). 



(54) Title: HANDOVER METHOD 
(57) Abstract 

The invention relates to a handover method, mobile system and 
apparatus deciding on the handover of the mobile system triggering 
an accelerated handover algorithm when the signal level and/or quality 
between the mobile station and a serving base transceiver station quickly 
drops. The method measures the level and/or quality of the signal 
between the base transceiver station and the mobile station (301), sets 
a predefined signal change as the trigger value, calculates the change in 
the signal level and/or quality (302), and if the change is at least equal 
to the trigger value (303), executes the first handover algorithm (305). 
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Handover method 

BACKGROUND OF THE INVENTION 

The invention relates to the handover of a mobile station and 
especially to a quick handover from one cell to another in a micro-cellular 
5 network when the signal strength drops suddenly. 

It is typical of cellular mobile systems that mobile stations can freely 
move and connect from one cell to another within the area of the mobile 
system. Crossover is just a re-registration to a new cell, when the mobile 
station does not have an ongoing call. When the mobile station does have an 

10 ongoing call during crossover, the call must also be connected from one base 
station to another with as little disturbance as possible. A crossover performed 
during a call is called handover. Handover may also take place within the cell 
from one traffic channel to another. To detect the need for handover in a 
mobile system and select the appropriate target cell, various measurements of 

15 connection quality are required as well as measurement of the field strengths 
of the adjacent cells. Handover from a serving cell to an adjacent cell may take 
place, for instance when the measurement results of the mobile/base station 
show a low signal level or quality in the current serving cell and a better signal 
level and/or quality is available in an adjacent cell. To ensure the stability of 

20 the mobile network, the measurement results and parameters used in 
handover are averaged within a certain time period. Thus handover becomes 
less susceptible to distorted measurement results caused by momentary 
interference or fading. 

In urban-like conditions and especially in a network using micro- 

25 cells, the solution described above does not, however, react fast enough to a 
sudden drop in signal strength of the serving cell, for instance when a fast 
moving mobile station suddenly moves behind an obstacle in the terrain or a 
building. The measurement results are not real-time because they are 
averaged and there is a delay in reporting. The most suitable cell according to 

30 the latest measurement results may suddenly be obscured by an obstacle, 
which means that the signal it offers is no longer sufficient to maintain the call. 

Finnish patent application Fl 960857 provides one solution to 
obtaining real-time measurement results. The application describes a 
handover method where a real-time uplink signal measurement of the mobile 

35 station is initialized in the neighbouring base stations, when the level or quality 
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of the signal in the serving base station has dropped below a predefined 
trigger value. The base station with the most suitable measurement values is 
then selected for handover, when the measured uplink signal value of the 
serving base station has dropped below a specific threshold value for 
handover. 

The problem in the solution described above is that it is based on a 
predefined constant of the signal level and/or quality, which is the same 
indoors and outdoors. It is typical of a network using micro-cells, in particular, 
that the level and quality of the signal is extremely high outdoors and relatively 
low inside buildings. Thus in the above solution, a quick drop in the level or 
quality of the signal outdoors may go unnoticed, as the level and/or quality 
remains satisfactory and higher than the trigger value, even though a 
neighbouring base station could offer a better signal. Indoors the level and/or 
quality of the signal may continuously be below the trigger value causing a 
continuous real-time measuring of the neighbouring base stations, even 
though none of the base stations can provide a better signal. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the invention to provide a method and an 
apparatus implementing the method to solve the above-mentioned problems. 
The object is achieved by a method characterized by setting a predefined 
signal change as the trigger value, by calculating the change in the level 
and/or quality of the signal, and if the change is at least equal to the trigger 
value, by executing a first handover algorithm. 

The term handover algorithm refers herein to the actions, 
calculations and comparisons including the handover criteria, which the 
operator has specified and according to which it is possible to decide when to 
handover, if it becomes necessary. 

Another object of the invention is a mobile system where the 
method of the invention can be used. The mobile system is characterized in 
that it comprises calculation means to calculate the change in the level and/or 
quality of the signal, comparison means to compare the change in the signal 
level with a predefined trigger value, and execution means responsive to the 
comparison means to execute the handover algorithm. 

A further object of the invention is an apparatus deciding on the 
handover in the mobile system, with which the method of the invention can be 
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applied. The apparatus is characterized in that it is adapted to calculate the 
change in the level and/or quality of the signal between the mobile station and 
the serving base station and to execute the handover algorithm in response to 
a signal change at least equal to the predefined trigger value. 

The invention is based on the idea that a signal change, such as an 
attenuation of a certain magnitude of the level and/or a drop of a certain 
magnitude of the quality, for instance the duplication of the bit error ratio, best 
indicates the need for handover. 

Such a handover method provides the advantage that it 
immediately detects from a quick attenuation of the signal and/or a drop in 
quality, when handover is required and the most suitable cell can quickly be 
defined even in difficult environments and the handover can be executed 
without an extensive drop in the quality of the call. 

The handover method of the invention further provides the 
advantage that the call can better be maintained with a quick handover to the 
most suitable base station and, at the same time, the number of handovers 
can be minimized. Another advantage of the handover method of the invention 
is that it is not necessary to keep checking for a possible handover in 
situations, where the signal is quite poor, but the best the environment can 
offer. 

In a preferred embodiment of the invention the handover algorithm 
triggered by the signal change is only executed for a certain predefined period 
of time. This provides the advantage that the execution of a triggered 
handover algorithm ends at a certain point of time, even if the channel is not 
changed. Another advantage is that the handover algorithm is executed long 
enough to ascertain the necessity of the handover. 

In a preferred embodiment of the invention one and the same 
operator-specified and normally applied handover algorithm is used in an 
accelerated mode for a certain time after it has been triggered. This provides 
the advantage that only one algorithm is required and, by simply changing the 
parameter values, it can be changed to a faster and more real-time algorithm 
suitable for a difficult environment. 

The preferred embodiments of the method, system and apparatus 
of the invention are described in the appended dependent claims 2, 3, 4, 6, 7 
and 9. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail in 
connection with preferred embodiments, with reference to the attached 
drawings, in which 

Figure 1 shows a simplified block diagram of a mobile system, 

Figure 2 illustrates a handover situation, and 

Figure 3 is a flow chart of a preferred embodiment of the invention, 

and 

Figure 4 shows a simple block diagram of the apparatus of the 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention can be applied to any cellular mobile system, 
such as the world-wide system, Universal Mobile Telephone System (UMTS), 
being developed. In the following the invention will be described in detail in 
connection with the digital pan-European mobile system, Global System for 
Mobile Communication (GSM). 

Figure 1 shows a simplified block diagram of the pan-European 
GSM system. A mobile station MS is connected to a base transceiver station 
BTS, in the case of Figure 1, to BTS1, over a radio path. A base station 
system BSS comprises a base station controller BSC and the base transceiver 
stations BTS under its control. Generally, there is only one base transceiver 
station BTS for one cell C. The radio cells C overlap slightly, even though in 
Figure 1, they have been drawn clearly defined for clarity's sake. Also, the 
form of the cells is actually not as regular as in Figure 1 . A mobile services 
switching centre MSC usually has several base station controllers BSC under 
its control. The mobile services switching centre is connected to other mobile 
services switching centres and to a public telephone network that are not 
shown in Figure 1. In a GSM system, subscriber registers include at least a 
home location register HLR and a visitor location register VLR that are not 
shown in Figure 1. The subscriber information of a mobile station is 
permanently recorded in the home location register of the system and 
temporarily in the visitor location register, in whose area the mobile station is 
at the time. 

The mobile station continuously measures the signals of the base 
transceiver stations closest to its location for a possible handover. For 
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instance in a GSM network, a mobile station can in addition to the serving 
base transceiver station simultaneously measure the signal level and/or quality 
of up to 32 other base transceiver stations. The serving base transceiver 
station informs the mobile station of the neighbouring base transceiver stations 
5 to measure. The measurement results of each base transceiver station are 
identified by a base station identity code BSIC. The base transceiver station 
measures continuously the signal level and quality of all ongoing radio links in 
the station. The mobile station sends regularly measurement results as a 
report message through the serving base transceiver station, in the case of 

10 Figure 1, through BTS1, to the base station controller BSC. The report 
message contains the measurement results of the serving base transceiver 
station and those of up to six best neighbouring base transceiver stations. 
Correspondingly, the base transceiver station sends its own measurement 
results to the base station controller. In the GSM recommendations, the 

15 reporting rate of the measurement results is at least once a second. In most 
applications, the mobile station reports the measurement results at intervals of 
480 ms. 

Handover from a serving cell to one of the adjacent cells or to 
another channel in the serving cell is made when the handover criteria set by 

20 the operator are met. Generally used handover criteria are signal level and 
quality of the radio link, signal level of the originating cell and the target cell, 
and the transmission power required of and allowed to the mobile station in 
the target cell. Other criteria may also be set. To ensure the stability of the 
mobile network, the measurement results and other criteria used in handover 

25 are averaged. Thus handover becomes less susceptible to distorted 
measurement results caused by momentary interference or fading. 

The base station controller makes the decisions related to 
handover. If the target cell is under the control of another base station 
controller, the handover is controlled by the mobile services switching centre. 

30 Handover decisions can also be centralised to the mobile services switching 
centre. When necessary, the base station controller gives the handover 
command through the serving base transceiver station to the mobile station. 
The handover command can also be given through the base transceiver 
station of the target cell. 

35 Figure 2 shows an example of a handover situation where a 

building B restricts the propagation of the signals of the base transceiver 
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stations BTS1 and BTS2. Let us assume that the mobile station MS moves in 
a cell of the base transceiver station BTS1 along a route 20 drawn in Figure 2 
and does not enter the building. At a location X1, the signal between the 
mobile station MS and the base transceiver station BTS1 has attenuated by 
5 the trigger value of attenuation, for instance 30 dB. The base station controller 
initiates the handover algorithm which in a first preferred embodiment is an 
accelerated normal handover algorithm. In such a case, the averaging of the 
measurement results is carried out with a smaller number of measurement 
results using, for instance, the last two measurements. Diverging from 

10 solutions of prior art, the handover algorithm is initiated at the location X1, 
even though the level of the signal is still relatively high. The only requirement 
is that it has attenuated at least by the trigger value. When the mobile station 
has moved on to a location X2, either a handover to the base transceiver 
station BTS2 has taken place or is currently being made, or the mobile station 

15 has stayed at the base transceiver station BTS1, because its signal is better 
than that of the base transceiver station BTS2. However, in the latter case, the 
attenuation of the signal re-triggers the accelerated handover algorithm. In all 
cases, when the mobile station passes a location X3, it has made a handover 
to the base transceiver station BTS2. This way, monitoring the attenuation of 

20 the signal ensures that the handover decision is made at some point, when the 
signal continues to attenuate. Additionally, the decision is made immediately, 
when the neighbouring base transceiver station offers a better signal. 

Correspondingly, if the mobile station moves along a route 21 and 
enters a building B, the attenuation limit value is triggered at a location X4, 

25 after which an accelerated handover algorithm is executed. Whether the 
mobile station changes from the base transceiver station BTS1 to the base 
transceiver station BTS2 is entirely dependent on the signal levels and the 
handover criteria specified by the operator. As the field strength is generally 
relatively constant inside a building, the accelerated handover algorithm is not 

30 triggered when the mobile station moves along the route 21 to a location X5, 
but the mobile station stays connected to the same base transceiver station. A 
quick and extensive attenuation of the signal level is thus detected, when 
entering a building, and an "alarm status" is initiated, that is, the best possible 
target cell is selected with the accelerated handover algorithm. Naturally, the 

35 mobile station cannot know what causes the big drop in the signal level. After 
this, the normal handover algorithm again takes over and a continuous "alarm 
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status" is not used inside the building. In a solution of a prior art patent 
application, an intensified monitoring of the neighbouring base transceiver 
stations could possibly be performed inside a building, as the field inside the 
building is probably below the fixed limit that triggers the monitoring of 
neighbouring stations. If this were not the case, there would be no handover 
monitoring when entering a building. 

Systems using the code division multiple access (CDMA) method 
include a soft handover in addition to the hard handover used in systems like 
GSM. In the soft handover, the mobile station can during handover be linked 
to the network through several base transceiver stations until one of them 
proves to be better than the others on the basis of its signal. With the 
invention, the duration of a soft handover can be shortened, which reduces the 
network load especially in cases, where the mobile station is indoors where 
none of the base transceiver stations can offer a clearly better signal than the 
others. When the attenuation of the signal is not noticeable any more (that is, 
the signal change is small), the best base transceiver station is selected and 
used. 

Figure 3 shows the first preferred embodiment of the invention in a 
flowchart. The presented functionality is placed, for instance, in the base 
station controller BSC. The serving base transceiver station and the mobile 
station measure continuously the level of the signal between them. The mobile 
station also measures the signal levels of the neighbouring base transceiver 
stations. The base station controller BSC receives the measurement results 
from the base transceiver station which also forwards the measurement results 
of the mobile station and executes an operator-specified conventional 
handover algorithm with normal values in step 301. At the same time, the 
change in the signal between the serving base transceiver station and the 
mobile station is calculated from the measurement results in step 302. The 
change is calculated preferably as a change which has taken place during the 
time predefined by the operator. The predefined time helps distinguish 
between the fast and the slower changes by monitoring the change using, for 
instance, averaging windows whose size is half of the normal size. In step 
303, the signal level is checked to see if it has changed at least by the trigger 
value L predefined by the operator during the time period predefined by the 
operator, for instance if the signal has attenuated by 30 dB. If the signal 
change is less than the trigger value, the steps of the method are continued 
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from step 301 . Otherwise, the next step is 304, in which new values are set for 
the handover algorithm parameters accelerating the algorithm. An example of 
this value is the size of the window used in averaging that can be reduced to a 
fraction of the earlier, for instance by calculating the average of only the two 
latest results or by using only the latest measurement result. In step 305, 
measurement results are received and the handover algorithm is executed 
with the new parameters. At the same time, a check is made, whether 
handover took place in step 306 and if not, in step 307, it is checked if the 
predefined time for the accelerated handover has expired. If it has not expired, 
operation is continued from step 305. If handover has taken place in step 306 
or if the time has expired in step 307, operation continues from step 308 where 
normal values are set for the parameters of the handover algorithm, for 
instance by restoring the size of the window used in averaging. After this, 
operation is continued from step 301. 

In the first preferred embodiment, handover is generally made on 
the basis of the signal power, but other reasons may also cause handover, 
even though a drop in the signal level has initiated the use of an accelerated 
handover algorithm. In the other embodiments of the invention, a change in 
the quality of the signal between the mobile station and the serving base 
transceiver station can be monitored in addition to or instead of a change in 
the signal level. In this case, the trigger value L, with which the change is 
compared in step 303 to start and execute handover, is based on a change in 
the signal quality, such as the bit error ratio BER, or the combined effect of a 
change in the signal level and quality. 

The criteria to decide to start measurements and handover are, 
however, not limited to the above-mentioned examples. They can be any 
criteria suitable for handover, whose change can be calculated. The invention 
does not in any way limit the calculation method of the change. 

In some embodiments of the invention, completely different 
algorithms can be used in steps 301 and 305, in which case, steps 304 and 
308 can be left out. It is also possible to use the handover algorithm only in 
step 305, in which case, steps 304 and 308 can be left out and step 301 only 
includes reception of the measurement results. In the latter alternative, also 
step 307 can be left out. It is also possible to set several different trigger 
values which allow the use of different handover algorithms. For instance, a 
15-dB drop in the signal level could trigger an averaging window size 6 for the 
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handover algorithm, a drop between 15 dB and 30 dB could set the window 
size to 3 and a drop of at least 30 dB in the signal level could set the window 
size to 1. The invention does not in any way limit the handover algorithms and 
decision criteria used. It is essential that a handover algorithm is triggered on 
5 the basis of a predefined change value. 

Figure 4 shows a schematic block diagram of the apparatus of the 
invention making the handover decisions, such as the base station controller 
BSC of a GSM system. The apparatus executes the steps of the method 
described above in connection with Figure 3. The apparatus comprises a 

10 connection part CP to receive the measurement results and to send the 
handover command. In addition, the apparatus comprises an application part 
AP to execute different handover algorithms or the same algorithm with 
different values. The application part AP instructs the connection part CP to 
send the handover command when the handover criteria predefined by the 

15 operator are met. The application part AP calculates the change in the signal 
from the measurement results and compares it to the trigger values. The 
trigger values are preferably stored in the memory M of the apparatus. 
Measurement results and parameter values as well as the handover criteria 
including their values can also be stored in the memory. The apparatus may 

20 comprise a time calculator TC which helps the application part AP to stop the 
execution of a time-limited handover algorithm. 

It will be understood that the foregoing description and the related 
figures have been presented only to illustrate the present invention. It will be 
apparent to those skilled in the art that various variations and modifications 

25 can be made to the invention without departing from the spirit and scope 
thereof, which is defined by the appended claims. 
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CLAIMS 

1. A handover method comprising a step, in which the level and/or 
quality of a signal between a base transceiver station and a mobile station is 
measured (301 ), characterized in that the method also comprises the 
following steps: 

a predefined signal change is set as a trigger value, 
a change in the signal level and/or quality is calculated (302), and 
if the change is at least equal to the trigger value (303), a first 
handover algorithm is executed (305). 

2. A method as claimed in claim 1, characterized in that 
the first handover algorithm is executed for a predefined time (307) during 
which either handover is made to another cell or the mobile station remains in 
the same cell after the time has expired. 

3. A method as claimed in claim 1 or 2, characterized in 
that a second handover algorithm is executed when the first handover 
algorithm is not executed. 

4. A method as claimed in claim 3, characterized in that 
the first and second handover algorithm differ from each other only by the 
parameter values used in the handover decision. 

5. A mobile system, in which the signal level and/or quality of the 
serving base transceiver station (BTS1) and the mobile station (MS) is 
measured, characterized in that the system comprises 

calculation means (BSC) to calculate the change in the signal level 
and/or quality, 

comparison means (BSC) to compare the signal level change with 
the predefined trigger value, and 

execution means (BSC) responsive to the comparison means to 
execute the handover algorithm. 

6. A mobile system as claimed in claim 5, characterized in 
that the execution means (BSC) have been set to execute the handover 
algorithm for a predefined time. 

7. A mobile system as claimed in claim 5 or 6, 
characterized in that the execution means (BSC) have been set to 
execute the handover algorithm with the first values for a predefined time in 
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response to the comparison means and otherwise to execute the handover 
algorithm with the second values. 

8. An apparatus (BSC) deciding on handover between the channel 
of a mobile station and a base transceiver station, characterized in 

5 that it has been set to calculate (AP) the change in the signal level and/or 
quality between the mobile station and the serving base transceiver station 
and to execute a handover algorithm (AP) in response to a signal change 
corresponding to at least the predefined trigger value. 

9. An apparatus (BSC) as claimed in claim 8, characterized 
10 in that it has been set to execute in response to a signal change of at least 

said trigger value, the handover algorithm with the first values for a predefined 
time and, in response to a handover from one cell to another or to expired 
time, to calculate said change in the signal level and/or quality and execute the 
handover algorithm with the second values. 
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FIG. 3 
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